HER2/neu overexpression/amplification is seen more frequently in ductal carcinoma in situ, particularly high-grade ductal carcinoma in situ (50 -60%), than in invasive ductal carcinoma of the breast (25-30%). To date, however, the role of HER2/neu in the progression of in situ to invasive disease has not been clarified. Two hundred fiftyone breast tumors were retrieved from the pathology files at Mount Sinai Hospital. These included 91 cases of ductal carcinoma in situ, 136 cases of invasive ductal carcinomas with associated ductal carcinoma in situ, and 24 cases of pure invasive carcinomas. All cases were reviewed and stained with two monoclonal antibodies to HER2/neu (CB11 and TAB250). Immunohistochemical staining was recorded using a semiquantitative scoring system (1). Representative cases were also investigated using fluorescence in situ hybridization. HER2/neu protein overexpression (defined as immunohistochemical staining with score of >5) was seen in 34% of cases of pure ductal carcinoma in situ, 17% of invasive carcinomas with associated ductal carcinoma in situ, and 12.5% of pure invasive carcinomas (P ‫؍‬ .01). Sixty percent of cases of high-grade ductal carcinoma in situ showed HER2/neu protein overexpression, versus 29% of high-grade invasive carcinomas with associated ductal carcinoma in situ and 22% of high-grade pure invasive ductal carcinomas (P ‫؍‬ . The importance of HER2/neu in cancer has been a topic of considerable interest of late, both in its role as a prognostic indicator and as a predictor of response to therapy (2-8). With the advent of the drug Herceptin, assessment of HER2/neu status in patients with metastatic breast carcinoma has become an even more important clinical consideration. Previous studies have shown that approximately 25-30% of invasive ductal carcinomas of breast show HER2/neu overexpression/amplification (9). In contrast, the incidence of HER2/neu overexpression/amplification in ductal carcinoma in situ is Ն60% (10 -12), whereas benign and atypical breast lesions generally do not show any evidence of HER2/neu overexpression (13). To date, there have
The importance of HER2/neu in cancer has been a topic of considerable interest of late, both in its role as a prognostic indicator and as a predictor of response to therapy (2) (3) (4) (5) (6) (7) (8) . With the advent of the drug Herceptin, assessment of HER2/neu status in patients with metastatic breast carcinoma has become an even more important clinical consideration.
Previous studies have shown that approximately 25-30% of invasive ductal carcinomas of breast show HER2/neu overexpression/amplification (9) . In contrast, the incidence of HER2/neu overexpression/amplification in ductal carcinoma in situ is Ն60% (10 -12) , whereas benign and atypical breast lesions generally do not show any evidence of HER2/neu overexpression (13) . To date, there have been few data concerning HER2/neu overexpression/amplification in invasive breast carcinomas that also have an associated in situ component. If HER2/neu overexpression is a key factor in the initiation of invasion, then the rate of HER2/neu overexpression/amplification in this group of tumors could be expected to show a rate of overexpression similar to that seen in pure ductal carcinoma in situ.
In this study we assessed HER2/neu overexpression/amplification in a group of invasive tumors with associated ductal carcinoma in situ and compared the results to those seen in cases of pure ductal carcinoma in situ and pure invasive carcinomas to determine whether HER2/neu overexpression/amplification played a role in the progression of ductal carcinoma in situ to invasive ductal carcinoma of the breast.
METHODS
From the archives of the Department of Pathology at Mount Sinai Hospital, 298 consecutive cases of pure invasive ductal carcinoma and invasive tumors with associated in situ disease were identified and retrieved, dating between January 1998 and November 1999. In addition, 219 consecutive cases of ductal carcinoma in situ, dating from April 1996 to November 1999, were also retrieved. Of these 517 cases, 171 (62/219 and 109/298) were core needle biopsies and were excluded. A further 22 cases (11/ 219 and 11/298) were repeat excisions from patients already included in the study, and these were also excluded. In each case where multiple resections had been performed on a patient, the definitive resection (lumpectomy, mastectomy, etc.) was used for evaluation in this study. Of the remaining 146 cases of ductal carcinoma in situ, 52 were excluded for various other reasons, including lack of sufficient tissue for immunohistochemical evaluation or unavailability of tumor blocks. Of the 178 pure invasive ductal carcinomas and invasive carcinomas with associated ductal carcinoma in situ from January 1998 to November 1999, 18 were excluded for similar reasons as those described above, giving a total of 160 cases. These cases, combined with the 94 cases of ductal carcinoma in situ, were included in this study. Because of technical problems with the immunohistochemical staining procedures, results could not be obtained for 3 cases of ductal carcinoma in situ, giving a final total of 251 cases.
Demographic information, including age of the patient, type of resection, and estrogen and progesterone receptor status was obtained from the case files and is shown in Table 1 . All of the invasive carcinomas were reviewed and graded using Elston's modification of the Bloom-Richardson grading system (14) . The nuclear grade was recorded for the cases of pure ductal carcinoma in situ as well as for the ductal carcinoma in situ associated with cases of invasive carcinomas. For each case, a representative paraffin block containing tumor was chosen, and sections were taken for HER2/neu immunohistochemistry and, in a subset of cases, for fluorescence in situ hybridization.
Immunohistochemistry
Immunohistochemistry for HER2/neu was performed using CB11, a monoclonal antibody to the intracellular domain of the protein, and TAB250, a monoclonal antibody to the extracellular domain of the protein.
The immunohistochemical procedure was as follows: 4-m tissue sections were deparaffinized in two 5-minute changes of xylene and rehydrated through alcohols to distilled water. Nonspecific reactivity was blocked with 3% hydrogen peroxide and 5% normal serum in phosphate buffered saline. The TAB250 antibody (Zymed, San Francisco, CA) was applied at a dilution of 1/150 for 1 hour at room temperature after the sections were digested with the protease Ficin (Zymed) for 10 -15 minutes at 37°C. The CB11 antibody (Novocastra, Newcastle upon Tyne, UK) was applied at 1:200 dilution for 1 hour at room temperature. Heat-induced epitope retrieval was not used before the application of CB11. After several washes in Tris buffered saline, sections were incubated for 30 minutes at room temperature with biotinylated goat anti-mouse immunoglobulin (Signet Labs Inc, Dedham, MA), followed by another 30-minute incubation with streptavidin-horseradish peroxidase (Signet). 3,3'-Diaminobenzidine (Sigma Chemicals, St. Louis, MO) was used as the chromogen, and the sections were counterstained with hematoxylin. Positive tissue controls for the HER2/neu antibodies were included in each run and consisted of sections of breast tumor known to overexpress HER2/neu protein and to show HER2/neu gene amplification as well as a cell line with known 3-fold amplification of the HER2/neu gene (SKBR3). Negative controls consisted of substituting Tris buffered saline for HER2/neu antibodies. Also, normal ductal epithelium acted as an internal negative control.
Only complete membrane staining of tumor cells was considered in the analysis of the results. The degree of immunohistochemical staining was assessed using the Allred semiquantitative scoring system (1, 15) . Briefly, this scoring system is the sum of a proportion score and an intensity score. The proportion score is an estimate of the proportion of positive cells on the entire slide and is divided into the following categories: 0 ϭ no cells staining; 1 ϭ Ͻ1%; 2 ϭ 1-10%; 3 ϭ 11-33%; 4 ϭ 34 -67%; 5 ϭ Ͼ67%. The intensity score estimates the average staining intensity of positive tumor cells: 0 ϭ no staining, 1 ϭ weak positive membrane staining, 2 ϭ moderate, and 3 ϭ strong staining. The two scores were added together to give a final numerical score ranging from 0 to 8. An immunohistochemical score of Ն5 was considered positive for HER2/neu protein overexpression (16) . The same scoring system was used to evaluate both invasive and in situ breast tumors. In the groups of invasive carcinomas with associated ductal carcinoma in situ, in situ and invasive components were scored independently of each other.
Fluorescence In Situ Hybridization
For fluorescence in situ hybridization, representative slides from 33 cases were hybridized using the PathVysion HER2/neu DNA probe kit from Vysis. The slides were deparaffinized in three washes of xylene and ethanol, then pretreated with 0.2 N HCl and 1 M NaSCN. The slides were then enzyme digested using pepsin, denatured using 70% formamide at 73°C, and hybridized overnight with a locus-specific probe for the HER2/neu gene and a chromosome 17 centromere enumeration probe. The following day, the slides were washed in posthybridization buffer and counterstained with DAPI. The slides were read on a fluorescent microscope (Leica DMBRX), and a minimum of 60 nuclei was counted per case. The HER2/neu probe (red signals) and chromosome 17 centromere enumeration probe (green signals) were recorded for each cell, and the average number of red and green signals per cell was calculated. The ratio of HER2/neu signals per cell to chromosome 17 centromeric signals per cell was then calculated. A HER2/CEP17 ratio of Ն2 was considered positive for HER2/neu gene amplification (as per the manufacturer's recommendations). A HER2/CEP17 ratio of 0.8 to 1.8 was considered negative for HER2/neu gene amplification, whereas a ratio between 1.8 and 2 was considered indeterminate. a For each group, the number of patients Ͻ and Ն50 is given along with the age range and mean age at the time of surgery. Lump ϩ ax, lumpectomy and axillary dissection; Mast ϩ ax, mastectomy and axillary dissection; Wire local, wire localization biopsy; Wire ϩ ax, wire localization biopsy and axillary dissection. There is no evidence of any difference in the distribution of ductal carcinoma in situ grade in the two groups (Wilcoxon Mann-Whitney test, P ϭ .75).
b There is no evidence of any difference in the distribution of grade in the two groups (Wilcoxon Mann-Whitney test, P ϭ .63).
Statistical Analysis All statistical analysis was performed using exact nonparametric inference using StatXact 3 (CYTEL Software Corporation, Cambridge, MA, 1995). Fisher's exact test was used for all 2 ϫ 2 inferences; the marginal homogeneity test was used for paired data; and otherwise, the Wilcoxon Mann-Whitney test, with stratification where indicated, was used for ordinal categories. In all cases, the exact mid-P adjusted P values were reported.
RESULTS
Of the 251 cases, 91 (36.2%) were ductal carcinoma in situ, 24 (9.6%) were pure invasive carcinomas, and 136 (54.2%) were invasive carcinomas with associated in situ disease. The demographic information is summarized in Table 1 . The grade of the in situ and invasive disease in a case was concordant (e.g., Grade 3 ductal carcinoma in situ with high-grade invasive cancer) in 96/136 (70.6%) of cases. The majority of the discordant cases were low-grade cancers with associated nuclear Grade 2 ductal carcinoma in situ.
The results of the immunohistochemical studies for CB11 are given in Table 2 . As stated previously, a final immunohistochemical score of Ն5 was considered positive for HER2/neu protein overexpression. The majority of cases with immunohistochemical scores of Ͻ5 showed no complete membrane staining with the CB11 antibody and were scored as 0. A few cases showed weak or focal
, with concordance between CB11 and TAB250 of 96% (154/160) and 92% (209/ 227) for the invasive tumors and ductal carcinoma in situ, respectively. There was weak evidence (P ϭ .09) that the concordance was lower in ductal carcinoma in situ. Subsequent results are for CB11 only, although there were no substantive differences between CB11 and TAB250. In the group of invasive carcinomas with associated ductal carcinoma in situ, there was concordance in the immunohistochemical classification between the invasive and in situ components in 123/136 (90.4%) of cases. Discordant cases were mostly (11/13) cases that were positive for HER2/neu overexpression in the in situ component but not in the invasive tumor. The majority of these cases showed immunohistochemical scores around the cut point (i.e., [3] [4] [5] . However, one case (Case 21) showed no staining in the invasive component (score of 0), whereas the ductal carcinoma in situ component had a score of 5. Comparing the three groups (pure ductal carcinoma in situ, ductal carcinomas with associated in situ disease, and pure invasive ductal carcinomas), there was evidence of a difference in the incidence of HER2/neu protein overexpression (P ϭ .018, using the Wilcoxon-Mann-Whitney Test, which uses the ordering implicit in the three groups). When controlling for possible confounding by tumor grade (using the stratified Wilcoxon-Mann-Whitney test, P ϭ .011), the trend in HER2/neu overexpression between the three groups remained.
The rate of HER2/neu overexpression in different tumor grades is shown in Table 3 . There was an increased incidence of HER2/neu protein overexpression with increasing tumor grade. This progression was highly significant (see Table 3 ) in cases of pure ductal carcinoma in situ and in cases of invasive carcinomas with associated in situ disease. Although not statistically significant in cases of pure invasive ductal carcinoma, the trend was consistent with the other groups. The trend in HER2/neu protein overexpres- A combined immunohistochemical score of Ն5 was considered positive for protein overexpression. Difference between HER2/neu incidence in ductal carcinoma in situ and invasive carcinoma (with and without associated in situ disease) was statistically significant (P ϭ .018). sion among the three groups was statistically significant only in the high-grade tumors, although a consistent (but smaller in magnitude) trend was apparent in the intermediate grade tumors.
The rate of HER2/neu overexpression was statistically significantly correlated with age, lack of estrogen and progesterone receptors, and presence of an extensive intraductal component (EIC). Tumors were categorized as EIC positive if the ductal carcinoma in situ comprised a substantial (Ն25%) portion of the tumor mass and was also present at the periphery of the invasive carcinoma or if the tumor was predominantly in situ with multiple small foci of invasive carcinoma (17) . These results are shown in Table 4 . In addition, there was statistical evidence that the relationship between age and HER2/neu status differed between the pure ductal carcinoma in situ group and the group of tumors with both invasive and in situ components (P ϭ .037 using Zelen's test for the homogeneity of odds ratio). Statistical analysis was not carried out on the group of pure invasive carcinomas because of the small sample size.
Fluorescence in situ hybridization was performed on 33 cases. The cases chosen included cases of pure ductal carcinoma in situ, pure invasive ductal carcinoma, and cases of ductal carcinoma with associated in situ disease. Thirteen of the cases were positive for HER2/neu protein overexpression by immunohistochemistry, 11 were negative by immunohistochemistry, and the remainder were cases in which weak staining was seen using the CB11 antibody (immunohistochemical score 3-4). Also, cases in which there was a difference between the immunohistochemical score obtained in the invasive carcinoma and the associated ductal carcinoma in situ were evaluated by fluorescence in situ hybridization, including Case 21, in which the invasive tumor showed negative staining (score of 0) and the in situ component was positive (score of 5). Complete concordance was seen between HER2/neu protein overexpression and gene amplification in 30 of 33 cases (91%). The three discordant cases (Cases 5, 11, and 13) showed low-level HER2/neu gene amplification by fluorescence in situ hybridization in the absence of protein overexpression, as assessed by CB11 (Table 5 ). In invasive tumors with associated in situ disease, there was complete concordance between the in situ and invasive components in all but one case analyzed by fluorescence in situ hybridization. In this case (Case 21), there was unequivocal gene amplification in the in situ component (HER2/CEP17 ϭ 6.5) (Fig. 1) ; whereas gene amplification was not seen in the invasive component (HER2/CEP17 ϭ 1.14). As discussed above, this case had shown a marked discordance in HER2/ neu staining between the invasive and in situ components of the tumor by immunohistochemistry. Cases 5, 11, and 13 showed discordant results between immunohistochemistry and FISH, whereas Case 21 showed discordance between the HER2/neu gene amplification status in the in situ and invasive components.
DISCUSSION
The clinical significance of HER2/neu overexpression/amplification in invasive breast cancer is considerable and compelling. The initial study by Slamon et al. in 1987 (9) found a 30% incidence of HER2/neu overexpression/amplification in women with lymph node-positive breast cancer, and this was associated with a significantly poorer outcome, increased risk of recurrent disease, and shorter overall survival. Subsequent studies have confirmed these results (18, 19) , with some studies reporting Յ35% difference in survival at 4 years for lymph node-positive patients with and without HER2/neu overexpression/amplification. The prognostic role of HER2/neu in lymph node-negative breast cancer has been controversial (5, 7, 20 -24) . However, a recent meta-analysis indicates that HER2/neu does have a pure prognostic effect, although the magnitude of this negative prognostic effect is weak to moderate (25) . In addition to its prognostic role, HER2/neu may predict response to therapy in patients with breast carcinoma. Overexpression/amplification of HER2/neu has been shown to be associated with an increased sensitivity to doxorubicin-based therapies (3, 4, 6) .
Although HER2/neu overexpression has important clinical significance in invasive breast cancer, its incidence in invasive disease is lower than its incidence in ductal carcinoma in situ. In this retrospective study, HER2/neu overexpression was seen in Յ35% of cases of ductal carcinoma in situ overall but in 60% of high-grade ductal carcinoma in situ. However, the rate of HER2/neu overexpression was only 12-17% in the invasive ductal carcinomas (with and without associated ductal carcinoma in situ) overall, with an incidence of only 29% in the high-grade invasive carcinomas, Table 3 .
The high incidence of HER2/neu overexpression in ductal carcinoma in situ would suggest that this oncogene has an important role to play in in situ disease. HER2/neu overexpression/amplification in ductal carcinoma in situ may lead to increased cell proliferation, increased cell motility with dissemination along the basement membrane, and increased burden of disease (26) . HER2/neu overexpression/amplification does not, however, appear to be a prerequisite in the progression of ductal carcinoma in situ to invasive disease, as suggested by this study and others (13, 27, 28) . The finding in this study of definitive evidence of gene amplification in the in situ component (HER2/CEP17 ϭ 6.5) and yet a normal HER2/CEP17 ratio in the adjacent invasive tumor (HER2/CEP17 ϭ 1.14) suggests that the invasive component arose from a clone of tu- mor cells that developed invasive capabilities, in the absence of HER2/neu gene amplification. A recent study (29) assessing HER2/neu overexpression in ductal carcinoma in situ and invasive disease obtained similar results and concluded that HER2/ neu overexpression did not appear to be involved in the invasive process. The authors speculated that given the high incidence of HER2/neu alterations in high-grade ductal carcinoma in situ associated with comedo necrosis, these alterations may confer a growth advantage to ductal carcinoma in situ under ischemic conditions. However, once invasion occurs, the associated neovascularization would relieve the ischemic conditions, thus allowing the possible clonal expansion of neoplastic cells lacking HER2/neu alterations, as such cells would not require resistance to ischemia. This hypothesis is supported by the demonstration of strong tumor cell expression of the angiogenic factor vascular permeability factor/vascular endothelial growth factor and strong endothelial cell expression of their receptors in the stroma surrounding both ductal carcinoma in situ and invasive ductal carcinoma (30) . Thus, when ductal carcinoma in situ progresses to invasion, the neoplastic cells appear to invade a highly vascular stroma. Indeed this stromal change may be a prerequisite to the invasive process.
Representative cases were examined by fluorescence in situ hybridization for evidence of HER2/ neu gene amplification. Although more technically complex to perform, and more expensive, fluorescence in situ hybridization has the advantage of being able to identify gene amplification in individual cells while retaining the morphologic appearance of the tissue. It has been previously reported that HER2/neu protein overexpression is almost always due to HER2/neu gene amplification (8, 31, 32) . In our study, three tumors demonstrated gene amplification in the absence of detectable protein overexpression. In two of these cases, the level of gene amplification was very low (HER2/CEP17 ϭ 2.3 and 2.8, respectively) and was only slightly higher in the third case. It is likely that the degree of amplification in these cases resulted in an increase in protein overexpression that was too low to be detectable by the antibodies used.
Although there is a high incidence of HER2/neu overexpression/amplification in ductal carcinoma in situ, studies have shown that benign proliferative breast lesions and atypical hyperplasias do not generally show any overexpression/amplification of HER2/neu (13) . In this study, some cases had areas of atypical ductal hyperplasia adjacent to the invasive carcinomas and ductal carcinoma in situ, and there was no positive staining in the atypical ductal hyperplasia using either CB11 or TAB250. We also tested a small number of cases of pure atypical ductal hyperplasia, and no HER2/neu positivity was seen using either antibody.
In conclusion, HER2/neu alterations are undoubtedly important in ductal carcinoma in situ and are usually maintained in an adjacent invasive ductal carcinoma. However, the lower overall incidence of HER2/neu gene amplification/protein overexpression in invasive carcinomas (with and without associated ductal carcinoma in situ) and the rare occurrence of HER2/neu gene amplification in in situ disease, but not in the adjacent invasive tumor, suggest that it may not be a prerequisite in the progression of ductal carcinoma in situ to invasive cancer. Other events, such as the development of a vascular stroma adjacent to the areas of in situ disease, may be more critical in the progression to invasion.
